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The nuclear α decay of heavy nuclei is investigated based on the nuclear energy density functional,
which leads to the α potential inside the parent nucleus in terms of the proton and neutron density
profiles of the daughter nucleus. We use the Skyrme force model, Gogny force model, and relativistic
mean field model to get the nucleon density profiles inside heavy nuclei. Once the nucleon density
profiles are determined, the parameters of the nuclear α potential are fitted to the observed α decay
half-lives of heavy nuclei. This approach is then applied to predict unknown α decay half-lives of
heavy nuclei. To estimate the Q values of unobserved α decays, we make use of the liquid droplet
model.
PACS numbers: 23.60.+e, 21.30.-x, 21.65.Ef, 27.90.+b
I. INTRODUCTION
The synthesis of unknown heavy nuclei has been spot-
lighted for last decades with the development of new fa-
cilities for rare isotope accelerators [1–3]. In particular,
the structure of neutron-rich heavy nuclei is expected to
shed light on our understanding of nuclear structure in
isospin asymmetric nuclear matter and it will give in-
sight on the structure of neutron stars and the process of
nuclear synthesis during the evolution of stars [4]. There-
fore, it can be a test ground for various issues of nuclear
physics such as nuclear density functional, strong nuclear
interactions, various decay processes, r-p process, etc,
which makes it one of the most exciting topics in low
energy nuclear physics [5]. The formation of such heavy
nuclei is identified through their decay processes such as
the α decay, β decay, and spontaneous fission [6]. The
competition between these decay processes is reflected in
branching ratios, and, in fact, the heavy nuclei with the
atomic number Z > 105 were found to rarely survive for
a few minutes [7, 8].
The study on the nuclear α decay process has a very
long history, as it is one of the major decay processes
of nuclei [6, 9]. In particular, the formation of a new
heavy nuclide would be mostly identified through its α
decay chains [10–12]. Modern approaches for theoretical
understanding of the nuclear α decay are based on effec-
tive nuclear interactions such as the square well potential
model [13, 14], cosh potential model [15], unified fission
model [16], double-folding model [17–19], and so on.
The most important factor in the α decay process of
heavy nuclei is the accurate information on the Q value
for the decay process, which reflects the structure of
heavy nuclei through binding energy. The importance
of the Q value in the α decay lifetime can easily be found
∗ ylim@tamu.edu
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in the Geiger-Nuttall law [20] and its improved version
of Viola and Seaborg [6].1
The next most sensitive factor in the determination
of the α decay width is the nucleon distribution inside
the daughter nucleus, which determines the α potential.
Since the α-decay is basically a quantum tunneling ef-
fect, the exact positions of the classical turning points
and the profile of the barrier, i.e., its height and width,
are essential parts for the estimation of the α decay life-
time. Therefore, the information on the nuclear potential
felt by the α cluster inside the parent nucleus is impor-
tant to estimate the α decay width. Furthermore, the
Coulomb potential is responsible for the repulsive poten-
tial barrier together with the angular momentum barrier,
so the potential shape due to the proton distribution in
the daughter nucleus has a nontrivial role in the α decay
process. The purpose of the present work is to go beyond
a simple model approach for the α potential by develop-
ing a more realistic α potential based on nucleon density
profiles for estimating α decay half-lives.
In the present work, we calculate the α decay half-lives
of heavy nuclei within the Wentzel-Kramers-Brillouin
(WKB) approximation by calculating the nuclear po-
tential felt by the α cluster using phenomenological nu-
clear force models. The nuclear potential form for the
α cluster is obtained from the Skyrme-type interaction
as prescribed in Ref. [21], which requires the proton and
neutron distribution functions as inputs. We then use
the Skyrme SLy4 model [22] and Gogny D1S model [23]
as non-relativistic models and the relativistic mean-field
DD-ME2 model [24] as well. For the Q values of the α
decay processes, we use the experimental data whenever
available, and, if not, we make use of the liquid droplet
model (LDM) elucidated in Ref. [25].
1 For example, in the case of the alpha decay of Po212 → Pb208 +
α, a difference of 0.1 MeV in the Q value of the reaction, where
Qexpt. ≈ 8.95 MeV, results in about a factor of 1.7 difference in
the calculated half-life of Po212 .
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2This paper is organized as follows. In Sec. II, we review
the LDM to calculate the binding energy to be used when
the experimental Q value is not known. The Coulomb
diffusion and exchange terms are included as well as the
pairing and shell corrections, which gives a better fitting
to existing data. In the shell corrections, we use the last
magic number as a free variable to minimize the root-
mean-square deviation of total binding energy. We also
check theQ values using the phenomenological formula as
a function of isospin asymmetry I, with I = (N −Z)/A,
as in Ref. [16]. Section III briefly explains nuclear mod-
els to find the density profiles of nucleons inside nuclei,
and we construct the effective nuclear potential for the α
cluster. The parameters of the effective potential for each
model of nucleon density distribution are determined.
Our results are presented in Sec. IV and compared to
experimental data. The predictions on the unobserved α
decays of heavy nuclei are given as well. We summarize
and conclude in Sec. V.
II. NUCLEAR MODELS
The Q value plays an important role to determine the
lifetime of the α decay as it determines the assaulting
frequency of the α particle for a given potential well. It
also sets the penetration width for quantum tunneling. In
the estimation of α decay lifetimes, we use the empirical
Q values, if available. However, for unobserved decay
processes, we have to resort to model predictions on the
binding energy. In this Section, we review the LDM that
will be used in the present work.
A. Liquid Droplet Model
To estimate the unknown binding energies of heavy nu-
clei, we make use of the LDM with some modifications as
prescribed in Refs. [25, 26]. In general, heavy nuclei are
neutron-rich and the neutron skin is likely to exist on the
surface. For example, the neutron skin thickness of Pb208
was investigated with the electric dipole response [27],
the parity radius experiment (PREX) [28, 29], and,
more recently, through coherent pi0 photoproduction [30].
All numerical calculations using Skyrme-Hartree-Fock,
Gogny, and relativistic mean field models show the out-
layer of neutrons in the neutron-rich heavy nuclei. Thus,
it is natural to include the neutron skin effects in LDM.
The binding energy in the LDM for a nucleus of (Z,A)
is given as [25]
E = fB (A−Ns) + 4piR2σ(µn) + µnNs + ECoul
+ Epair + Eshell, (1)
where fB is the binding energy per baryon of infinite nu-
clear matter, Ns is the number of neutrons in the neutron
skin on the surface, R is the radius of the nucleus, σ(µn)
is the surface tension as a function of neutron chemical
potential µn. ECoul is the Coulomb energy, Epair is the
pairing energy, and Eshell includes the shell corrections.
In this model, fB is a phenomenological energy func-
tion, which reads
fB = −B + Sv(1− 2x)2 +
K
18
(1− u)2, (2)
where B is the binding energy per nucleon, Sv is the nu-
clear symmetry energy, and K is the nuclear incompress-
ibility of symmetric nuclear matter at nuclear saturation
density ρ0. Here, x and u are defined as
x =
Z
A−Ns , u =
ρ
ρ0
. (3)
The surface tension is a function of x, and we find that
the simple expansion of σ(x) = σ0 − σδ(1 − 2x)2 is
not a good approximation for highly neutron-rich nuclei.
Therefore, we use the form suggested in Refs. [31, 32],
which reads
σ(x) = σ0
2 · 2α + q
x−α + q + (1− x)−α . (4)
The parameters σ0, α, and q will be determined later.
The Coulomb energy contribution to the total mass
is obtained from the classical Coulomb interaction, the
Coulomb diffusion term, and the exchange term. It is
then written as
ECoul =
3Z2e2
5R
− pi
2Z2e2d2
2R3
− 3Z
4/3e2
4R
(
3
2pi
)2/3
, (5)
where d (= 0.55 fm) is the surface diffuseness parame-
ter [25] and R is the average radius of the nucleus. The
general expression for the pairing energy in LDM reads
Epair = (−1)N ∆N√
A
+ (−1)Z ∆P√
A
, (6)
where the pairing energies for protons and neutrons are
treated separately, since neutron-rich nuclei would have
higher single particle energy of the last-filled neutron
than the one for protons.
For the shell contribution to the total binding energy,
we follow the prescription of Duflo and Zuker [33, 34],
which writes the shell correction as
Eshell = a1S2 + a2(S2)
2 + a3S3 + anpSnp , (7)
where a1, a2, a3, and anp are parameters to be deter-
mined, and
S2 =
nvn¯v
Dn
+
pvp¯v
Dp
,
S3 =
nvn¯v(nv − n¯v)
Dn
+
pvp¯v(pv − p¯v)
Dp
,
Snp =
nvn¯vpvp¯v
DnDp
.
(8)
3Case I Case II Unit
B 16.125 16.370 MeV
ρ0 0.155 0.155 fm
−3
σ0 1.256 1.300 MeV fm
−2
α 4.0 3.7
q 60.00 25.48
Sv 31.818 32.471 MeV
K 250.00 226.389 MeV
∆n 5.458 6.232 MeV
∆p 5.807 11.760 MeV
a1 1.265 −0.143 MeV
a2 −8.601× 10−3 9.307× 10−3 MeV
a3 −4.007× 10−3 2.216× 10−3 MeV
anp −9.663× 10−2 −4.231× 10−2 MeV
M(8) 184 168
RMSD 1.144 0.218 MeV
TABLE I. The parameters of LDM. The values of case I are
obtained by the least χ2 fitting to the observed binding en-
ergies for 2336 nuclei. The parameters in case II are found
by fitting to the experimental Q values for the nuclei with
Z ≥ 100, where we have totally 100 data points. M(8) is the
8th magic number in each case. RMSD in the last row de-
notes the root-mean-square deviation. The RMSD in cases I
is for binding energies, whereas that in case II is for Q values.
Here, nv and pv are the valence numbers of neutrons
and protons, respectively, i.e., the minimal difference for
neutron and proton numbers from the magic numbers, 2,
8, 20, 28, 50, 82, 126, and 184 (or 168). For example, for
Fe56 , we obtain nv = |30− 28| = 2 and pv = |26− 28| =
2. Dn (Dp) is the degeneracy number, i.e, the interval
of the magic numbers adjacent to the neutron (proton)
number. For instance, in the case of Fe56 , the nearest
two magic numbers for N = 30 are 28 and 50, which
then leads to DN=30 = 50 − 28 = 22. Finally, n¯v and
p¯v are the complementary valence numbers for neutrons
and protons, respectively, and their explicit forms are
n¯v ≡ Dn − nv, p¯v ≡ Dp − pv. (9)
Again, for Fe56 , we have n¯v(30) = 22− 2 = 20.
In the present work, we will work with two parameter
sets as given in Table I. The parameters of case I are
obtained by fitting to the experimentally known binding
energies of 2336 nuclei. Therefore, this corresponds to a
global fitting. On the other hand, since we are consid-
ering α decays of neutron-rich heavy nuclei, it may be
useful to focus on heavy nuclei for that purpose. Thus
the second parameter set is found by using the measured
Q values of heavy nuclei with Z ≥ 100. We use 100 data
points for finding the parameters set of case II. Note that
M(8) in Table I is the 8th magic number in the LDM pa-
rameterization with each parameter set.
Once the masses of nuclei are evaluated by Eq. (1), we
can calculate the Q value for α decay through [35]
Q = ∆M(Z,A)−∆M(Z − 2, A− 4)−∆Mα
a b c d e RMSD
0.90753 −97.84028 16.15924 −18.95722 −26.16600 0.255
TABLE II. The best fit parameters of Eq. (11). All parame-
ters have a unit of MeV.
+ 10−6 k
[
Zβ − (Z − 2)β] , (10)
where ∆Mα = 2.4249 MeV. The values for k and β are
(k = 8.7 MeV, β = 2.517) for nuclei of Z ≥ 60, and
(k = 13.6 MeV, β = 2.408) for nuclei of Z < 60.
B. Local formula for Qα
Considering heavy nuclei with Z ≥ 90 and N ≥ 140,
Dong et al. [16, 36] developed a local mass formula for
nuclei with large N and Z values. Using the Taylor ex-
pansion, it leads to the expression of the local Q value
including shell effects as
Q = a
Z
A4/3
(3A− Z) + b
(
N − Z
A
)2
+ c
[ |N − 152|
N
− |N − 154|
N − 2
]
+ d
[ |Z − 110|
Z
− |Z − 112|
Z − 2
]
+ e, (11)
where a, b, c, d, and e are parameters to be fitted. Note
that the pairing effects are neglected since the semi-
classical formula gives almost the same contribution to
the total binding energy for both parent and daughter
nuclei and it does not cause a change in the Q value.
Since our goal is to compute the half-lives of super heavy
nuclei through α decay processes, we obtain the param-
eters in Eq. (11) with the measured Q values for nuclei
with Z ≥ 100. The resulting parameters are shown in
Table II.
Figure 1 shows the Q values obtained from the LDM
with Eq. (10) and those from the local formula of
Eq. (11). It is found that the case II and the local formula
give more reliable results than case I on the measured Q
values.
III. POTENTIAL FOR THE α CLUSTER
In the α cluster model, the nuclear α decay is described
as a quantum tunneling effect. Once the energy, i.e., the
Q value, of the reaction is determined, the next step is
to find the potential for the α cluster inside the parent
nucleus. In this Section, we discuss how we use phe-
nomenological models for constructing the potential for
the α cluster.
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FIG. 1. Q values for α decays of nuclei between Z = 106 and Z = 118. The numerical values can be found in Table IV. A
small horizontal offset is used for better visibility for a given value of Z.
A. Potential form
In the α cluster model, the α particle is already formed
in the parent nucleus and it penetrates the potential bar-
rier to cause the α decay process. Therefore, the estima-
tion of lifetimes requires the information on the poten-
tial of the α cluster created by the core nucleus, i.e., the
daughter nucleus after decay.
The α cluster potential can be decomposed as
V = VN + VC + VL, (12)
where VN is the nuclear potential for the α cluster, VC
is the Coulomb potential provided by the protons of the
core nucleus, and VL is the centrifugal potential arising
from the relative orbital angular momentum between the
α particle and the core nucleus. In principle, the nuclear
potential of the α particle would be computed if the inter-
actions between nucleons inside a nucleus is completely
known. However, it is certainly beyond the scope of the
present work, and we invoke the Skyrme force model to
get the form of VN . Then, as described in Ref. [21], VN
takes the form of
VN = αρ+ β(ρ
5/3
n + ρ
5/3
p ) + γρ
(ρ2 + 2ρnρp)
+ δ
1
r
dρ
dr
+ η
d2ρ
dr2
, (13)
where ρ = ρn + ρp with ρn (ρp) being the density dis-
tribution of neutrons (protons). This model contains 6
parameters, namely, α, β, γ, δ, η, and . These parame-
ters will be determined by fitting to the empirical data for
α decay half-lives of heavy nuclei and will be discussed in
the next subsection. Furthermore, the nuclear potential
in Eq. (13) is controlled by the density distribution of nu-
cleons, which should be provided by microscopic models
for nuclear structure.
Once the nucleon distribution is known, the Coulomb
potential term VC can be calculated through
VC = 8pie
2
[
1
r
∫ r
0
ρp(r
′)r′2dr′ +
∫ ∞
r
ρp(r
′)r′dr′
]
. (14)
The centrifugal potential VL is written as
VL =
~2
2mµr2
(
`+
1
2
)2
, (15)
where mµ is the reduced mass, and the Langer modifica-
tion factor [37] is adopted.
B. Nucleon density profiles
Since the α cluster potential of Eq. (13) requires the
information on the density profile of the daughter nu-
cleus, we rely on microscopic models for nuclear struc-
ture. In the present work, we consider the Skyrme SLy4
(zero-range) [22] and the Gogny D1S (finite-range) [23]
models as non-relativistic approaches and the relativistic
mean-field interaction DD-ME2 model of Ref. [24] as a
relativistic approach.
The Skyrme force model is constructed based on
nucleon-nucleon interactions having dependence on the
5relative momentum and density, which reads
vij = t0 (1 + x0Pσ) δ
(
ri − rj
)
+
t1
2
(1 + x1Pσ)
× [δ (ri − rj)k2 + k′2δ (ri − rj)]
+ t2(1 + x2Pσ)k
′ · δ(ri − rj)k
+
t3
6
(1 + x3Pσ) ρ
αδ(ri − rj)
+ iW0 k
′δ(ri − rj)× k · (σi + σj), (16)
where Pσ is the spin exchange operator, and σi are the
Pauli spin matrices. Here, k and k′ are the relative mo-
menta of two nucleons before and after interaction, re-
spectively, and W0 is the strength of the spin-orbit cou-
pling. There are many versions of the parameter set
(ti, xi,W0) and, in the present work, we use the SLy4
model compiled in Ref. [22].
Compared with the Skyrme force model, the Gogny
force assumes finite-range nucleon-nucleon interactions
and zero-range multi-body forces, which leads to [38]
v12 =
∑
j=1,2
exp
{
− (r1 − r2)
2
µ2j
}
× (Wj +BjPσ −HjPτ −MjPσPτ )
+ t0 (1 + x0Pσ) ρ
α
(
r1 + r2
2
)
δ (r1 − r2)
+ iWLS k
′δ (r1 − r2)× k · (σ1 + σ2) , (17)
where Pτ is the isospin exchange operator. We use the
parameter values known as the D1S model in Ref. [23].
For nucleon density distribution, we also use a rela-
tivistic mean-field model of Refs. [24, 39], which gives a
satisfactory description for the properties of finite nuclei.
In this model, the relativistic Lagrangian density is given
by
L = ψ¯ (i/∂ −m)ψ + 1
2
∂µσ∂µσ − 1
2
mσσ
2 − gσψ¯σψ
− 1
4
ΩµνΩµν +
1
2
m2ωω
2 − gωψ¯γµωµψ
− 1
4
~Rµν · ~Rµν + 1
2
m2ρ~ρ
2 − gρψ¯γµ~ρµ · ~τψ
− 1
4
FµνFµν − eψ¯γµAµ (1− τ3)
2
ψ , (18)
where Ωµν , ~Rµν , and Fµν are the field strength tensors
of the ω vector meson field ωµ, the isovector ρ vector
meson field ~ρµ, and the photon field Aµ, respectively.
Note that the coupling constants of mesons to the nucleon
are density-dependent so as to reproduce the properties
of nuclear matter and finite nuclei. In the present work,
we adopt the parameter set given as the DD-ME2 model
in Ref. [24].
Within the Skyrme and Gogny force models, we solve
Schro¨dinger-like equations to obtain the density profile
of a nucleus. On the other hand, in the relativistic mean
Parameter SLy4 D1S DD-ME2 Unit
α −1484.58 −1499.04 −1524.24 MeV fm3
β 1355.57 1248.80 1289.04 MeV fm5
γ 1005.48 242.28 1137.21 MeV fm6+
δ 53.87 30.75 −41.84 MeV fm5
η −210.15 −178.12 −184.09 MeV fm5
 1/6 1/3 1/6
TABLE III. Parameters for α particle potential in Eq. (13).
field model, we solve the Dirac equation to get the den-
sity profile for a given nucleus. Once the density profile
is known, one can find the α potential for each nucleus
and the α decay lifetime can be computed. Since the
α potential in Eq. (12) contains 6 parameters, we de-
termine these parameters to the experimental data for
the alpha decays of even-even nuclei (` = 0) as we have
done in Ref. [21]. Table III shows the parameters for
the nuclear α potential determined in this manner. The
potential parameters for each model are found to have
similar magnitudes except the case of γ, which is corre-
lated to the value of . The γ term is related with the
multi-body force and we choose  = 13 in the Gogny D1S
model reflecting the original  value in the Gogny NN
interaction.
IV. RESULTS
Equipped with the α potential obtained in the previ-
ous section, the α-decay half-lives of heavy nuclei can be
estimated in the standard way by using the WKB approx-
imation. The half-life of the nuclear α decay is related to
the decay width Γ by
T1/2 =
~ ln 2
Γ
, (19)
where the decay width is given by
Γ = PF ~
2
4mµ
exp
[
−2
∫ r3
r2
drk(r)
]
. (20)
Here, P is the preformation factor which illustrates the
probability of α particle in the parent nuclei, and F is the
assaulting frequency of the trapped α particle between
two turning points r1 and r2. In this calculation, we use
P = 1 and the explicit expression for F can be found,
for example, in Ref. [21]. The distance between r2 and
r3, i.e., |r2 − r3|, represents the penetration width of the
barrier through which α particle passes. k(r) corresponds
to the wave number of the α particle inside the potential
barrier,
k(r) =
√
2mµ
~2
|Q− V (r)| (21)
with mµ being the reduced mass of the system.
6TABLE IV. Observed α decay half-lives of heavy nuclei and the results of the present work. Unless specified, ` = 0 is understood.
(Z,A) QExptα (MeV) T
Expt
1/2 T
SLy4
1/2 [`] T
D1S
1/2 [`] T
DD-ME2
1/2 [`] Reference
(118, 294) 11.81± 0.06 0.89+1.07−0.31 ms 0.50+0.18−0.13 ms 0.61+0.22−0.16 ms 0.43+0.15−0.11 ms [40]
(116, 293) 10.67± 0.06 53+62−19 ms 65+28−20 ms 78+33−23 ms 54+24−16 ms [41]
(116, 292) 10.80± 0.07 18+16−6 ms 31+16−10 ms 38+19−13 ms 26+13−9 ms [41]
(116, 291) 10.89± 0.07 18+22−6 ms 19+9−6 ms 23+11−7 ms 16+8−5 ms [40]
(116, 290) 11.00± 0.08 7.1+3.2−1.7 ms 10.6+6.1−3.8 ms 12.5+7.2−4.5 ms 8.6+5.0−3.1 ms [40]
(115, 288) 10.61± 0.06 87+105−30 ms 51+21−15 ms 57+25−17 ms 42+19−13 ms [42, 43]
(115, 287) 10.74± 0.09 32+155−14 ms 25+17−10 ms 28+20−12 ms 21+15−9 ms [42, 43]
(114, 289) 9.96± 0.06 2.7+1.4−0.7 s 1.3+0.6−0.4 s 1.5+0.7−0.5 s 1.0+0.5−0.3 s [41]
(114, 288) 10.09± 0.07 0.8+0.32−0.18 s 0.56+0.31−0.20 s 0.65+0.37−0.23 s 0.46+0.26−0.16 s [41]
(114, 287) 10.16± 0.06 0.48+0.16−0.09 s 0.37+0.17−0.12 s 0.42+0.20−0.13 s 0.31+0.15−0.10 s [40]
(114, 286) 10.33± 0.06 0.13+0.04−0.02 s 0.14+0.06−0.04 s 0.15+0.07−0.05 s 0.12+0.05−0.04 s [40]
(113, 284) 10.15± 0.06 0.48+0.58−0.17 s 0.20+0.09−0.06 s 0.23+0.10−0.07 s 0.28+0.13−0.09 s [` = 2] [42, 43]
(113, 283) 10.26± 0.09 100+490−45 ms 106+77−45 ms 120+89−51 ms 94+70−40 ms [42, 43]
(113, 282) 10.83± 0.08 73+134−29 ms 106+62−38 ms [` = 6] 121+73−45 ms [` = 6] 93+55−34 ms [` = 6] [44]
(112, 285) 9.29± 0.06 34+17−9 s 27+14−10 ms 30+16−10 s 22+13−8 s [41]
(112, 283) 9.67± 0.06 3.8+1.2−0.7 s 2.0+1.0−0.7 s 2.3+1.2−0.8 s 1.8+0.9−0.6 s [40]
(111, 280) 9.87± 0.06 3.6+4.3−1.3 s 1.4+0.7−0.4 s [` = 4] 1.6+0.8−0.5 s [` = 4] 7.2+3.4−2.3 s [` = 6] [42, 43]
(111, 279) 10.52± 0.16 170+810−80 ms 157+251−95 ms [` = 6] 176+276−106 ms [` = 6] 138+219−83 ms [` = 6] [42, 43]
(111, 278) 10.89± 0.08 4.2+7.5−1.7 ms 3.5+1.9−1.3 ms [` = 4] 3.9+2.2−1.4 ms [` = 4] 3.2+1.8−1.1 ms [` = 4] [44]
(110, 279) 9.84± 0.06 0.20+0.05−0.04 s 0.15+0.07−0.05 s 0.17+0.08−0.05 s 0.13+0.06−0.04 s [40]
(109, 276) 9.85± 0.06 0.72+0.97−0.25 s 0.37+0.17−0.12 s [` = 4] 0.41+0.19−0.13 s [` = 4] 0.33+0.16−0.10 s [` = 4] [42, 43]
(109, 275) 10.48± 0.09 9.7+46−4.4 ms 8.7+5.9−3.5 ms [` = 4] 9.4+6.6−3.8 ms [` = 4] 7.9+5.4−3.2 ms [` = 4] [42, 43]
(109, 274) 9.95± 0.10 440+810−170 ms 220+195−99 ms [` = 4] 242+211−112 ms[` = 4] 200+170−94 ms [` = 4] [44]
(108, 275) 9.44± 0.06 0.19+0.22−0.07 s 0.46+0.23−0.15 s 0.51+0.25−0.17 s 0.42+0.21−0.14 s [40]
(107, 272) 9.15± 0.06 9.8+11.7−3.5 s 9.0+4.7−3.1 s [` = 4] 9.7+5.1−3.3 s [` = 4] 7.9+4.1−2.7 s [` = 4] [42, 43]
(107, 270) 9.11± 0.08 61+292−28 s 73+58−30 s [` = 6] 84+64−36 s [` = 6] 70+54−30 s [` = 6] [44]
(106, 271) 8.67± 0.08 1.9+2.4−0.6 min 2.10+1.77−0.95 min [` = 4] 2.27+1.99−1.02 min [` = 4] 1.83+1.54−0.83 min [` = 4] [40]
RMSD - - 0.209 0.198 0.218
The heavy nuclei under study in the present work are
neutron-rich but are located on the neutron-deficient side
of beta-stability. Thus, β decay does not occur for these
nuclei. Table IV shows our results on the observed α de-
cay half-lives of heavy nuclei. Our results are obtained
with the three models for nuclear density profiles and
are compared with experimental data. The theoretical
uncertainties shown in the table come from those of the
experimental Q values. The obtained half-lives depend
on the relative orbital angular momentum `. We assume
` = 0 for even-even decay cases but we allow the varia-
tion of ` in other types of decay processes. The value of
` which minimizes the difference with the experimental
data for the half-life is explicitly shown in Table IV. The
results for half-lives without the value of ` are obtained
with ` = 0. Compared with the previous results given in
Ref. [21] which used a simple Fermi density profile, using
realistic proton distribution improves the rms deviation
(RMSD) in α decay lifetimes as shown in the table, which
is defined by
RMSD =
√√√√ 1
N − 1
∑
i
(
log10
[
T expt.i
T cal.i
])2
, (22)
where N is the total number of data. This indicates
that the density profile of the neutron-rich heavy nuclei
deviates from the simple Fermi density profile and its
effect should be considered to get more realistic results.
Presented in Table V are our predictions on the half-
lives of unobserved α decays of superheavy elements. In
this case, the Q values are estimated by using the LDM
and the local formula as described in Sec. II. We assume
` = 0 for simplicity as there is no information on these
processes.2 Note that the half-lives from the D1S calcu-
lation are longer than the ones from SLy4 and DD-ME2
2 If ` 6= 0, the potential barrier width becomes larger than the
case of ` = 0 and the lifetime becomes longer. For example,
when Q = 11 ∼ 14 MeV, if we use the Gogny D1S model, the
7calculations. We found that this is mostly caused by the
differences in parameters given in Table III.
Figure 2 shows one of the most important α decay
chains of superheavy nuclei, namely, the decay chains of
Og294118 and Og
296
118 . Our results successfully explain the
α decay lifetimes in these two decay channels compared
with experimental results. The α decay of Og296118 is yet
to be discovered and the half-lives for this decay given
in Fig. 2 are our predictions. It should be noticed that
the half-lives shown in Fig. 2 are calculated from the
nuclear α decay but the actual half-lives should be deter-
mined through the competition with the spontaneous fis-
sion process. For example, in the case of Fl286 , although
the measured half-life is TExp. ≈ 0.13 s, the branching
ratio of the α-decay is about 60% [45, 46], which makes
the α-decay half-life close to 0.22 s.
Figure 3 shows the α potentials, VN +VC , used to cal-
culate the half-life of Og296118 in this work. The dotted
line indicates the Q-values obtained in this work. The
double folding potential is presented by the dashed line
for comparison [47]. This shows that, although the de-
tails of the potentials in each model are quite different
inside the nucleus, the barrier widths corresponding to
the obtained Q values are relatively close to each other.
The sightly lower barrier in Ref. [47] is compensated by
a preformation factor of 0.09, finally leading to half-lives
close to each other.
V. SUMMARY AND CONCLUSION
In this paper, we have investigated the nuclear α de-
cays of heavy nuclei based on nuclear energy density func-
tional. We use a Skyrme-type force model to get the
nuclear potential of the α particle inside a nucleus as a
functional of proton and neutron density profiles of the
daughter nucleus. These nucleon density profiles are ob-
tained from the Skyrme SLy4, Gogny D1S, and relativis-
tic mean-field DD-ME2 models. The parameters of the
nuclear potential of the α are fitted for each density pro-
file model to measured α decay half-lives of heavy nuclei.
The results show that this approach improves the previ-
ous results reported in Ref. [21], by reducing the RMS
deviation from 0.238 to 0.198 ∼ 0.218. In particular,
we found that the Gogny D1S gives a better description
among the models considered in the present work.
Once all the parameters are fixed, we apply the model
to predict half-lives of unobserved α decays to get the es-
timations shown in Table V. One interesting quantity is
the half-life of Og296118 as there are attempts to synthesize
this nuclide [48]. Our predictions on this decay are also
shown in Fig. 2, which shows our estimation of the Q
value as QLDM = 11.66 MeV and QLocal = 11.47 MeV.
Our predictions on the half-life of the α decay of this
nuclide is in the range of 0.86 ms ∼ 3.48 ms, which is
in good agreement with the predictions of Ref. [48] that
gives 0.5 ms ∼ 4.8 ms based on realistic mass formu-
las and with the prediction of Ref. [47] which obtained
0.825 ms using the double-folding potential model. (See
also Refs. [49, 50].)
In the present work, we assumed that the potential for
the α is isotropic. However, in the case of heavy nuclei,
the deformation effects should be included, in particular,
to understand its fine structure [51, 52]. Therefore, im-
proving the present model by including deformation and
other microscopic effects would be desired for a better
understanding of nuclear α decays of superheavy nuclei.
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